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In thermal equilibrium, a colloidal particle between two parallel plates immersed in a fluid which partially wets both the particle and the 
plates, is attracted by the walls. However, if the particle moves parallel to the plates, a hydrodynamic lift force away from the plates 
arises in the limit of low Reynolds number. We study theoretically the competition of these two effects and identify the range of velocity 
in which the velocity may serve as a parameter controlling the adsorption in microflows. 


Geometrical and physical setting 



A spherical particle moves 
in a quiescent fluid 
with constant velocity 
parallel to two infinite plates 


• Static interaction via dispersion force. Atomic potentials: 

* Liquid-liquid, solid-solid: Vo(r) = -4e(a/r) 6 (e & kT) 

* Liquid-solid: V ls {r) = AV (r) 
Relative Hamaker constant: < A < 1 

A controls the wetting behavior. Contact angle: cos « 2A — 1 

• Stationary incompressible flow: 

V • v = V 2 v - V(p + liquid) = Re (v • V)v 

and no-slip boundary conditions 

Potential energy of the fluid in the dispersion field: VKii qu id 
Particle Reynolds number: Re = qRV/ ji < 1 


• Effective potential energy of the particle, W(h) 
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(R/a)Re 2 < 1 - A 


• Motion in the /z-direction: Brownian + relaxational dynamics: 

6tt nRv\(h) + = 0, X(h) = wall-correction to Stokes drag 
dh 

• The Fokker-Planck equation for the particle motion yields 

the mean first-passage time, T, from the midplane, h = L/2 — R, 
to wall contact, h w a: 


Toe / dy dz X(y) exp [W(y) - W(z)]/kT 

JL/2-R JL/2-R 

• T is normalized to Tf Yee = passage time in the absence of forcing: 
T < 7f ree enhanced adsorption 
T > Tf Y ee =^ delayed adsorption 
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Results 


• We study T as a function of A, Re and R for values of the 
parameters a, g, e, [i appropriate for atomic liquids 
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• The sensitivity of T to changes in Re increases with Re and R/cr 

• Define a critical Re c by the condition T = 7f ree : 

log Re c R/a = 10, 10 2 , 10 : \ 10 4 ^ 

Collapse on a master curve: 
{R/cr)Re 2 c oc VI - A 
M with departures at R/a ~ 10 


slope= 1/4 


• The qualitative shape of the function T(A, Re < 1) is 
independent of R, L in the range 

10 < R/a < 10 4 3 < L/R < 10 


-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 
log(l - A) 

Some numbers: for atomic liquids ^(ms -1 ) ~ Re/R(nm) 
R ~ 1/xm ^ Re c ~ 0.04 =^ V c ~ 4 cms -1 


Conclusions 

• In the /i-meter scale, the time of adsorption by the wall can be controlled in a realistic range of values of the particle velocity. 

• In the nano-meter regime, the theory presented is pushed to its limits and suggests that the hydrodynamic lift is irrelevant. 

• In particular, hydrodynamic lift is unlikely to explain the results of the MD simulation by Drazer et al., PRL 89 (2002) 244501. 


